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UNITED STATES PATENT OFFICE 
2,483,556 

FREQUENCY DIVIDER, CIRCUITs 
William J. O'Brien, London, England, assignor 

to The Decca Record Company, Limited, Lon 
don, England, a corporation of Great Britain 

Application August 27, 1945, Serial No. 612,990 
(C. 250-36) Claims. 

My invention relates to frequency divider cir 
cuits and has particular reference to thermionic 
vacuum tube circuits for converting an input 
signal of given frequency to an output Signal of 
lower frequency, and having a frequency divid 
ing range which is much larger than that of pre 
vious circuits designed for similar use. 

In the radio transmission and control art, it 
is often necessary to produce a frequency Which 
is less than that of a given Source of radio fre 
quency. This is usually accomplished by means 
of multi-vibrator circuits. 

Multi-vibrator circuits have the disadvantage 
of producing a change in output frequency with 
changes in input voltage exceeding ten percent. 
Also the frequency of the output of a multi-vi 
brator circuit is controlled by the charging and 
discharging time of a condenser in a resistance 
capacity circuit. Since this time is a function 
of the Voltage applied to the condenser, the 
multi-vibrator circuit is sensitive to Voltage 
changes and does not necessarily produce an out 
put frequency which bears the desired relation 
ship to the input frequency. 

It is, therefore, an object of my invention to 
provide frequency dividing circuits in which the 
output frequency is Substantially independent 
of the input voltage. 

It is also an object of my invention to provide 
a frequency divider circuit of the character Set 
forth in the preceding paragraph which may be 
used at either audio Or radio frequency. 

It is an additional object of my invention to 
provide a frequency dividing circuit in Which 
the output frequency is determined by a tuned 
circuit to make the output frequency Substan 
tially independent of the input voltage, 

It is a still further object of my invention to 
provide in a frequency dividing circuit of the 
character described a Synchronizing circuit for 
Synchronizing the output frequency With the in 
put frequency so that the two frequencies bear 
a whole number ratio to each other. 

It is additionally an object of my invention 
to provide a frequency divider circuit of the 
character set forth in which the output signal is 
characterized by including a number of har 
monics to facilitate the use of a plurality of sub 
sequent frequency multiplying circuits. 
Other objects and advantages of my invention 

Will be apparent from a study of the following 
specifications, read in connection with the ac 
companying drawings, Wherein: 

Fig. 1 is a schematic wiring diagram illus 
trating a frequency divider circuit intended par 
ticularly for use at radio frequencies; and 

Fig. 2 is a schematic wiring diagram illus 
trating a frequency divider circuit which is in 
tended particularly for use at audio frequency. 
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Referring to the drawings, I have illustrated 

in Fig. 1 a frequency dividing circuit which is 
intended particularly for use at radio fre 
quencies. In Fig. the cathode heater circuits 
have been omitted as these circuits are conven 
tional and Well understood. Similarly the 
Sources of high voltage direct current used for 
plate and Screen grid supply have been omitted 
and connections to a suitable source of such volt 
age are indicated mereiy by an arrow bearing 
the legend B--. It is to be understood that any 
Suitable Source of piate Supply potential may be 
used. 
The circuit Which is shown in Fig. 1 includes 

an input tube and a frequency regulating tube 
2. These vacuum tubes are shown as petode 
tubes, although tetrode or screen grid type may 
be used. The radio frequency input, the fre 
quency of which is to be divided, is connected 
to input terminals 3 and 4 which are connected 
to a primary winding 5 is tuned to the input fre 
quency by a condenser connected across the 
primary 5. The transformer 6 includes a sec 
ondary winding 8, one end of which is connected 
as by conductor 9 to the grid of the Vacuum tube 
. The other end of the secondary 8 is connected 
to ground through a resistance Which is 
shunted by a condenser . The secondary 8 is 
tuned to the input frequency by a condenser 2 
connected across the Winding 8. 
The cathode of the tube f is connected to 

ground through a cathode bias resistor 3 which 
is preferably by-passed by a condenser 4. The 
suppressor grid of the tube is connected di 
rectly to the cathode as by a conductor 5. The 
screen grid voltage for the tube is ob 
tained from a suitable source of high voltage 
direct current, to the positive terminal of which 
is connected a conductor 6. The conductor 6 
is connected to the screen grid of the tube 
through resistances T and Ta. The mid-point 
between resistors and 7a is connected to the 
cathode through a resistance 8. 
The plate of the tube is connected by a con 

ductor f to the primary 20 of an output trans 
former 2. The other end of the primary wind 
ing 2) is connected to the Source of plate Supply 
potential by a conductor 22. The primary Wind 
ing 20 is shunted by a condenser 23 and a re 
sistance 24. The condenser 23 is used to tune 
the winding 20 to the frequency desired for the 
output, the output signal appearing acroSS the 
terminals 25 and 28 connected to a Secondary 
winding 27 of the transformer 2. The resist 
ance 24 is connected acroSS the tuned primary 
2 to reduce the 'Q' of the circuit to the tube to 
make the output circuit tune rather broadly. 
The output frequency is so chosen that the ratio 
between the input frequency and the output fre 
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quency is Some whole number Such as, for ex 
anple, three. 
The conductor 9 which is connected to the 

- plate of the tube. is also coupled to the con 
trol grid of the tube 2 through a condenser 28. 
ihe grid of the tube 2 is also connected to ground 
through a resistance 29. The cathode of the 
tube 2 is also connected to ground through a 
cathode biasing resistor 36 which is by-passed as 
by a condenser 3. A conductor 32 Serves to con 
nect the SuppreSSOr grid directly to the Cathode. 
The plate of the tube 2 is connected by a conduc 
tor 33 to a tuning coil or inductance 34. The 
other terminal is connected as by means of a 
conductor 35 to the Source of plate Supply poten 
tial. This source is connected also by a con 
ductor 36 to the Screen grid of the tube 2. The 
tuning coil S4 is tuned to the Same frequency as 
the coil 26 by a tuning condenser 32 and the “Q' 
of the tuned circuit is reduced by a resistance 38 
connected in parallel with the coil 3i. The plate 
of the tube 2 and the plate conductor. 33 are cou 
pled to the Screen grid of the tube through a 
Coupling condenser 39. 
In the circuit just described, the resistances 

3, it and 8 are chosen to bias the tube f at or 
near cut-off. The feed-back connection be 
tween the plate of the tube 2 and the screen grid 
of the tube and between the plate of the tube 
and the control grid of the tube 2 provides a re 
generative circuit which may oscillate in the ab 
Sence of an input Signal. Such oscillation is not, 
however, a requisite for proper operation. 

ASSunning, for example, that the input fre 
quency Which is applied to the input terminals 
3 and is Say 60 kc. and it is desired to produce 
acroSS the output terminals 25 and 26 a fre 
quency of 20 kilocycles, the circuit 34-37 will be 
tuned to a frequency of 20 kilocycles. The resist 
ances is, it and 18 are also so proportioned as to 
apply to the Screen grid of the tupe i, a positive 
direct potential which is less than the output 
Woltage developed by the regulating tube 2 so 
that for each positive half cycle of the output 
of the tube 2, the potential of the screen grid of 
the tube Will be raised to a substantial value, 
Whereas during the negative half cycles of the 
output of the tube 2, the screen grid of the tube 
Will be driven negative. The resistance a has 
a high ohmic value and operates as a grid leak 
to hold the Screen grid negative during opera 
tion except during the positive maxima, in time 
outputS from tube 2. Since the tube is opera 
tive only when the Screen grid has a positive 
potential impressed thereon, it is seen that the 
tube operates as an electronic switch which is 
closed only Once for each cycle of the output of 
the oscillator 2 or, in the assumed example, at a 
frequency of 20 kilocycles. 

Since the input to the control grid of the tube 
, in the aSSumed example, is at a frequency of 
60 kilocycles, two positive grid Swings occur while 
the tube is blocked and one occurs while the tube 
is conductive. There is thus applied to the pri 
mary Winding 2) of the transformer 2 a 20 kilo 
cycle voltage. The current which flows in con 
ductor 22 is not of Sine wave form but is rich in 
harmonics. This is advantageous since it per 
mits exciting frequency multiplying circuits if 
it is required to produce an end frequency dif 
ferent than the output frequency, as for ex 
ample 40 kc. 
The use of low 'Q' tuned circuits for the cir 

cuits 20, 23 and 34, 37 makes the tuning very 
broad. Since the tube 2 is excited at its con 
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4. 
trol grid by the output of the tube , the output 
of tube 2 is in forced Sub-multiple Synchronism 
with the input Signal which is applied to the 
grid of the tube . This is accomplished even 
though the optimum tuning of the tuned circuits 
2G, 23 and 34, 37 is not precisely one-third input 
frequency. . 
In Fig. 2 I have illustrated a circuit which is 

very similar to that Shown in Fig. but which is 
intended particularly for use at audio frequency. 
The frequency, which is to be divided is applied 
to input terminals 50 and 5, the latter being con 
nected to ground as by a conductor 52. The ter 
minal 5 is connected to the grid of a vacuum 
tube 53 through a coupling condenser 54. The 
vacuum tube 53 and a second vacuum tube 55 are 
shown in Fig. 2 as being pentodes. However, the 
tetrode or screen grid type of tube may be emi 
ployed if desired. The cathode, Screen grid and 
suppressor grid circuits for the tube 53 are iden 
tical to those shown for the tube i in Fig. 1 and 
the values of the resistances involved are chosen 
to produce the same type of Operation as has 
been described in connection with Fig. 1. 
The plate of the tube 53 is coupled to the grid 

of the tube 55 through a coupling condenser 56. 
A piate load resistance 5 by-passed by a by 
pass condenser 58 serves as a plate load for the 
tube SS and is connected between the plate and 
a suitable source of plate potential. The grid 
of the tube 55 is connected to ground through a 
grid resistance 59. The cathode and Suppressor 
grids of the tube 55 are connected to ground 
through a cathode-biasing resistor 6. Which is 
preferably by-passed by a condenser 62. The 
plate of the tube 55 is coupled through a cou 
pling condenser 63 to one of a pair of output 
terminals 64 and 65, the other of Which is con 
nected to ground as by a conductor €6. The 
plate load for the tube 55 comprises a tuned 
circuit including a tuning coil or inductance 6 
shunted by a tuning condenser 8 and loading 
resistance 69. The screen grid and the plate of 
the tube 55 derive operating potential through a 
conductor it connected to the source of plate 
Supply potential. The plate of the tube 55 is 
coupled in a feed-back circuit including a cou 
pling condenser it to the screen grid of the 
tube 53. 
The operation of the circuit shown in Fig. 2 

is nearly identical with that Which has been de 
scribed in connection with Fig.1. The tubes 53 
and 55 constitute a circuit which may oscillate 
at the desired output frequency in the absence 
of an input signal. The operation of the tube 
53 is periodically blocked at the output frequency 
by the application of negative voltages to the 
Screen grid of the tube 53 in the same manner 
as has been described in Fig. i. iline principal 
difference between the two circuits is, first, that 
the circuit showin in Fig. 2 has been arranged 
for operation at low or audible frequencies, 
whereas the circuit of Fig. 1 is intended to op 
erate at relatively high o' radio frequencies and, 
second that the resistance capacity network 33 
59 operates as a ioW 'Q' bandpass filter which, 
through the proper selection of resistance and 
capacity values, may be in effect tuned to the 
Selected Sub-multiple of the input frequency. 
From the foregoing, it Will be observed that I 

have provided frequency divider circuits which 
may be used at either radio or audio frequency 
and that these circuits serve to produce an out 
put frequency to Which the input frequency bears 
a whole number ratio. These circuits include a 
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Synchronizing tie which maintains this whole 
number ratio between the input and output fre 
quencies. 

It will also be noted that tuned circuits are 
employed for determining the output frequency 
and that for this reason the circuits are not sub 
ject to the frequency error which characterizes 
multi-vibrator circuits, depending for frequency 
regulation upon the time constant of resistance 
capacity circuits. With circuits of the charac 
ter just described, input voltages may be varied 
from one-half the normal operating voltage to 
double the operating voltage without affecting 
the output frequency. This is a particular ad 
vantage over the previously employed multi-vi 
brator circuits in which the output frequency Was 
a function of the input voltage, requiring varia 
tions in input Voltage to be held below ten per 
Cent. 

I have found that frequency divider circuits 
of the character described herein will permit 
operation at an input frequency to output fre 
quency ratio as high as twelve, although more 
satisfactory operation is obtained at lower ra 
tioS. 
While I have shown and described the pre 

ferred embodiment of my invention, I do not de 
sire to be limited to any of the details of con 
struction shown or described herein, except as 
defined in the appended claims. 
I claim: 
1. In a frequency dividing circuit, the combi 

nation of: a vacuum tube amplifier stage includ 
ing an input circuit tuned to an input frequency 
to be divided; a vacuum tube regulating stage 
including an output circuit tuned to a sub-nul 
tiple of said input frequency; a coupling circuit 
also tuned to said sub-multiple of said input 
frequency and coupling the output of said ann 
plifier stage to the input of said regulating stage; 
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and means coupling said regulating stage to said 
amplifier stage for rendering said amplifier stage 
conductive only during coincidence in time of 
positive maxima of said input frequency and 
Said Sub-multiple thereof. 

2. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a whole number ratio, the combination of: a vac 
uum tube connected in a regenerative circuit and 
coupled to band-pass filter circuits all resonant 
at Said output frequency; and a Synchronizing 
circuit energized at said input frequency and con 
nected to force said circuit to OScillate in Sub 
multiple Synchronism with said input frequency. 

3. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a whole number ratio, the combination of: a vac 
uum tube amplifier circuit including an input cir 
cuit to be Supplied With said input frequency and 
including an output circuit tuned to said output 
frequency; a vacuum tube regulating stage tuned 
to said output frequency; means coupling said 
regulating stage to said output circuit for excit 
ing said regulating stage at the frequency of said 
output circuit; and a control circuit connecting 
said regulating Stage to said amplifier circuit for 
alternately blocking and releasing said amplifier 
circuit at the frequency of said output circuit. 

4. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a whole number ratio, the combination of: an 

6 
amplifier circuit comprising a vacuum tube hav 
ing a pair of control elements and a plate and 
comprising also input and output circuits in 
cluding, respectively, one of said control elements 
and said plate; means for energizing said input 
circuit at said input frequency; a vacuum tube 
regulating stage excited from said output circuit 
and tuned to said output frequency; and a con 
trol circuit connecting said regulating stage to 
the other of said control elements for rendering 
said amplifier circuit conductive only when the 
positive half cycle of the regulating stage output 
coincides in time with the positive half cycle of 
said input frequency. 

5. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a whole number ratio, the combination of: an 
amplifier circuit comprising a vacuum tube hav 
ing a pair of control elements and a plate and 
comprising also input and output circuits includ 
ing, respectively, one of said control elements and 
said plate; means normally biasing Said vacuum 
tube substantially at cut-off; means for energiz 
ing Said input circuit at said input frequency; a 
vacuum tube regulating stage excited from Said 
output circuit and broadly tuned to said output 
frequency; and a control circuit connecting said 
regulating stage to said other control element for 
holding said element at a negative potential ex 
cept during the peak of the positive half cycle 
of said regulating stage output. 

6. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a whole number ratio, the combination of: a vac 
uum tube amplifier stage including an output cir 
cuit and two input circuits; a vacuum tube regu 
lating stage connected in a regenerative circuit 
between said output circuit and one of said input 
circuits; means tuning said regenerative circuit 
to said output frequency; and means for apply 
ing said input frequency to the other of Said input 
circuits. 

7. In a frequency divider for producing an out 
put frequency to which an input frequency bears 
a, whole number ratio, the combination of: an 
input circuit to be Supplied with current of said 
input frequency; an output circuit for supplying 
said output frequency; a vacuum tube connected 
in an electronic switch circuit between said input 
and output circuits and including a control ele 
ment for opening and closing said switch; a vac 
uum tube regulating stage; a synchronizing cir 
cuit connecting said regulating stage between 
said output circuit and said control element; and 
means tuning said Synchronizing circuit to said 
output frequency. 

WILLIAM J. O'BRIEN. 
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